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PREFACE 
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p r o j e c t  i s  under t h e  superv is ion  of an Inter-Agency Technical  Com- 
m i t t e e  and i t  i s  sponsored by t h e  Subcommittee on Sedimentation of 
t h e  Inter-Agency Committee on Water Resources. The purposes of t h e  
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f o r  ob t a in ing  and ana lyz ing  sediment samples. 
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John V. Skinner and F rede r i ck  S. Witzigman. Russe l l  P. Chr i s tensen  
of t h e  p r o j e c t  s t a f f ,  w i t h  t h e  he lp  of Glenn Stringham, J e r i s  
Danielson, and Hans Ph. Kaag r an  t h e  t e s t s  a t  Colorado S t a t e  Uni- 
v e r s i t y .  The coopera t ion  and a s s i s t a n c e  of Colorado S t a t e  Universi -  
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Harold Guy of t h e  U. S. Geological  Survey; and Thomas Beckers of t h e  
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4 Synopsis 

SYNOPSIS 

The sampling e f f i c i e n c i e s  of n ine  simple types of pumping sam- 
p l e r  i n t akes  were i nves t i ga t ed  i n  a  l abo ra to ry  flume, The in t akes  
were mounted i n  t h e  flume wa l l s  so  t h a t  t h e  samples were withdrawn 
a t  r i g h t  angles  t o  t h e  d i r e c t i o n  of f law i n  t h e  flume. In t akes  were 
from 0.5 t o  1 . 5  i n .  i n  diameter ,  and shapes were round o r  oval  w i th  
sharp square  en t rances ,  round wi th  rounded en t rances ,  o r  round wi th  
sharp square  en t rances  and a  she l f  under t h e  opening (one i n t a k e ) .  
The r a t i o  of t h e  concent ra t ion  of sediment i n  t h e  sample taken 
through t h e  i n t ake  t o  t h a t  a t  t h e  sampling po in t  was used a s  t h e  
measure of sampling e f f i c i e n c y .  

Sampling e f f i c i e n c i e s  of each i n t a k e  were determined f o r  0.45-mm 
sediment a t  flow v e l o c i t i e s  of about 3.5, 5 .0 ,  and 6 .1  f p s  ( f e e t  per  
second) and f o r  0.19- and 0.10-mm sediment i n  v e l o c i t i e s  of about 
2.2,  3.6, 5 .2 ,  and 6 .3  f p s .  For each cond i t i on  of sediment, i n t ake ,  
and flow v e l o c i t y ,  about f i v e  samples were taken a t  d i f f e r e n t  ve- 
l o c i t i e s  i n  t h e  i n t a k e .  

As t h e  i n t ake  opening i s  a t  a  r i g h t  angle  t o  t h e  d i r e c t i o n  of 
flow, t h e  sampling e f f i c i e n c y  i s  a f f e c t e d  when t h e  v e l o c i t y  i s  l e s s  
than 3 f p s  and t h e  suspended sediment i s  i n  t h e  sand s i z e  range. As 
t h e  e f f e c t s  were minimal f o r  t h e  0.10-mm s i z e ,  t h e  sampling e f f i -  
ciency f o r  sediments i n  t h e  c l ay  and s i l t  range i s  considered t o  be  
optimum . 

The e f f e c t s  of s i z e  of sediment and flow v e l o c i t y  a t  t h e  sam- 
p l i n g  p o i n t  were eva lua ted  approximately.  The coarser  t h e  sediment 
and t h e  f a s t e r  t h e  flow ( a t  l e a s t  above 2  o r  3 f p s )  t h e  lower was 
t h e  sampling e f f i c i e n c y .  

Within t h e  l i m i t s  of i n t akes  t e s t e d ,  s i z e  and shape had l i t t l e  
e f f e c t  on t h e  sampling e f f i c i e n c y  except f o r  t h e  i n t a k e  w i th  t h e  
she l f  underneath it. Sampling e f f i c i e n c y  through t h a t  i n t ake  was 
e r r a t i c  f o r  low v e l o c i t i e s ,  but i t  was b e t t e r  than o the r  i n t akes  f o r  
high v e l o c i t i e s '  and coa r se r  sediment. However, over t h e  complete . 

range of v a r i a b l e s  t e s t e d  t h e  1 i n .  i n t a k e  performed s l i g h t l y  b e t t e r  
than t h e  o t h e r  i n t a k e s .  
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LABORATORY INVESTIGATIONS OF PUMPING- SAMPLER INTAKES 

I.  INTRODUCTION 

1. The pumping-sampler i n t a k e  problem--The development of pump- 
i ng  samplers f o r  au tomat ic  sampling of suspended sediment i n  s t reams 
(Inter-Agency Report  Q )  [3];? r a i s e d  many ques t ions  a s  t o  t h e  proper  
des ign  of sampler i n t a k e s .  

I n  o rder  of importance some of t h e  r equ i r ed  i n t a k e  c h a r a c t e r -  
i s t i c s  a r e :  

a .  The i n t a k e  must f unc t i on  dependably wi thout  much - 
s e r v i c i n g .  Debris  and sediment must no t  c o l l e c t  excess ive-  
l y  i n ,  o r  on, t h e  i n t a k e ;  and back f l u s h i n g ,  which i s  a  p a r t  
of t h e  normal pumping cyc l e ,  must be e f f e c t i v e  i n  c l ean ing  
t h e  i n t a k e .  The i n t a k e  should no t  be  s u b j e c t  t o  plugging 
w i t h  f i s h .  

b .  A c l o s e  c o r r e l a t i o n  must e x i s t  between concentra-  - 
t i o n  i n  t h e  i n t a k e  and t h a t  i n  t h e  streamflow s o  t h a t  t h e  
samples can be used t o  compute t o t a l  suspended sediment d i s -  
charge.  

c .  The sediment concen t r a t i on  i n  t h e  pumped samples - 
should approach t h e  concen t r a t i on  i n  t h e  s t ream a t  t h e  i n -  
t ake  a s  c l o s e l y  a s  p r a c t i c a l .  

d .  The i n t a k e  should be  easy t o  b u i l d  and i n s t a l l .  - 

The des ign  of t h e  b a s i c  i n t a k e  s t r u c t u r e  f o r  t h e  exper imental  
pumping sampler near  S t .  Pau l ,  Nebr., was shown i n  F i g .  4 of 
Report  Q.  [ 3 ]  The i n t a k e  was mounted i n  a  low v e r t i c a l  w a l l  t h a t  
was p a r a l l e l  t o  t h e  streamflow. The w a l l  extended about 5 f t  up- 
s t ream and 3 f t  downstream from t h e  i n t a k e .  The ex tens ion  upstream 
was a r b i t r a r i l y  made equal  t o  e i g h t  t imes t h e  maximum v e l o c i t y  head 
a t  t h e  sampling p o i n t .  The downstream ex tens ion  need be on ly  2 o r  
3 f t .  This  type  of i n t a k e  s t r u c t u r e  seems t h e o r e t i c a l l y  sound, and 
i t  has  been s a t i s f a c t o r y  i n  p r a c t i c e .  Fu r the r  s tudy  of t h e  s t r u c t u r e  

Numbers i n  b r acke t s  i n d i c a t e  r e f e r ences  l i s t e d  on page 59 
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was no t  cons idered  necessary .  A b r i d g e  p i e r  o r  r e t a i n i n g  w a l l ,  can 
be used a s  t h e  f l a t  s u r f a c e  perpendicu la r  t o  t h e  i n t a k e .  

The i n t a k e  used i n  t h e  exper imental  i n s t a l l a t i o n  had an  opening 
1 i n .  ( l a t e r  changed t o  314 i n . )  i n  diameter  and i t s  a x i s  was per -  
pendicu la r  t o  a  smooth f l a t  p l a t e .  The p l a t e  was v e r t i c a l  and par -  
a l l e l  t o  t h e  flow. The f l a t  p l a t e  was f l u s h  w i t h  t h e  o u t e r ,  o r  
s t ream,  f a c e  of t h e  i n t a k e  w a l l ,  and t h e  i n t a k e  extended through t h e  
w a l l .  Th is  type  of i n t a k e  was easy t o  keep c l ean  by backf lush ing ,  
i t  d i d  no t  c o l l e c t  d e b r i s ,  and i t  sampled a c c u r a t e l y  a t  S t .  Pau l ,  
Nebr., where sediments were g e n e r a l l y  f i n e .  A f i s h  t r a p  was needed 
a t  S t .  Pau l  and i t  was added. This  gene ra l  type of i n t a k e  was adopt-  
ed a s  s t anda rd .  

The b a s i c  pumping-sampler i n t a k e  s a t i s f i e d  t h e  f i r s t  and f o u r t h  
requirements  needed i n  an i n t ake ,  and f o r  f i n e  sediments,  con t a in ing  
not  more than smal l  percentages  of sands ,  t h e  second and t h i r d  r e -  
quirements were s a t i s f i e d  a s  w e l l .  However, t h e  e f f i c i e n c y  i n  sam- 
p l i n g  c o a r s e  sands remained ques t i onab l e .  

I f  i n t a k e  e f f i c i e n c y  i s  def ined  a s  t h e  r a t i o  of sediment con- 
c e n t r a t i o n  i n  t h e  pumped sample t o  t h a t  i n  t h e  s t ream a t  t h e  sam- 
p l i n g  p o i n t ,  a  r a t i o  of 1 .00 i s  i d e a l .  However, t h e  sampler i n t a k e  
i s  a t  a  s i n g l e  po in t  i n  a  stream v e r t i c a l  i n  a  s t ream c ros s  s e c t i o n ,  
and t h i s  p o i n t  i s  g e n e r a l l y  near  one bank and o f t e n  near  t h e  stream- 
bed. F i n e  sediments a r e  d i s t r i b u t e d  r a t h e r  uniformly throughout 
most s t reams ,  bu t  t h e  d i s t r i b u t i o n  of sands may be q u i t e  v a r i a b l e .  

Concentrat ions  i n  pumped samples can be r e l a t e d  t o  those  i n  
t h e  c ro s s  s e c t i o n  of t h e  s t ream d i s cha rge  i f  t h e  i n t a k e  e f f i c i e n c y  
and t h e  r e l a t i o n  between concen t r a t i ons  a t  t h e  i n t a k e  and those  f o r  
t h e  s t ream c r o s s  s e c t i o n  a r e  r e g u l a r l y  determined w i t h  s tandard  sam- 
p l i n g  equipment. The second r e l a t i o n  i s  u s u a l l y  d i f f e r e n t  f o r  each 
stream and f o r  d i f f e r e n t  f lows i n  t h e  same s t ream.  It can be es tab-  
l i s h e d  by sediment measurements i n  t h e  c ro s s  s e c t i o n  and a t  t h e  i n -  
t ake .  I n  p r a c t i c e  t h e  r e l a t i o n  between t h e  concen t r a t i on  i n  t h e  sam- 
p l e s  and t h a t  i n  t h e  s t ream d ischarge  i s  determined d i r e c t l y .  Be- 
cause i n t a k e  e f f i c i e n c y  i s  only one p a r t  of a  two-part  r e l a t i o n ,  t h e  
cons i s tency  of t h e  i n t a k e  e f f i c i e n c y  i s  more important  than a  v a l u e  
of t h e  e f f i c i e n c y  c l o s e  t o  1 .00.  

When a  water-sediment suspension e n t e r s  an i n t a k e  opening i n  a  
f l a t  p l a t e  p a r a l l e l  t o  t h e  flow, t h e  momentum of t h e  wate r  and of 
t h e  sediment p a r t i c l e s  r e s i s t s  t h e  r i g h t - a n g l e  change of d i r e c t i o n  
of flow, and some sediment p a r t i c l e s  s e p a r a t e  from t h e  flow t h a t  
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e n t e r s  t h e  i n t a k e .  The c o a r s e  sediment p a r t i c l e s  a r e  l e s s  l i k e l y  t o  
e n t e r  t h e  i n t a k e  than t h e  f i n e  p a r t i c l e s  o r  t h e  w a t e r .  A s e r i e s  o f  
smal l  flume t e s t s  a t  t h e  U n i v e r s i t y  of Iowa i n  1940-41 [ I ]  on such 
an  i n t a k e  showed t h a t  t h e  c o n c e n t r a t i o n  i n  t h e  e n t e r i n g  f low was 
much l e s s  than  t h a t  i n  t h e  f lume. 

A second s e r i e s  of a  few flume t e s t s  was made on f l a t  p l a t e  i n -  
t a k e s  a t  Colorado S t a t e  U n i v e r s i t y  i n  1959. These t e s t s  showed t h a t  
c o n c e n t r a t i o n s  i n  t h e  d i v e r t e d  sample were abou t  65 t o  70 p e r c e n t  of 
t h o s e  i n  t h e  flume f o r  f lume v e l o c i t i e s  of 8 . 5  f t  p e r  s e c  and f o r  
0.5-mm sediment [ 31 . 

F i e l d  t e s t s  on f l a t  p l a t e  in ta l i e s  a t  Dunning, Nebr. ,  showed 
t h a t  c o n c e n t r a t i o n s  i n  d i v e r t e d  samples were  abou t  80 p e r c e n t  of 
c o n c e n t r a t i o n s  i n  t h e  s t ream f o r  v e l o c i t i e s  of 4 . 9  f t  p e r  s e c  and 
0.2-mm sediment [ 3 ]  . 

2 .  - -Previous  ev idence  
showed t h a t  t h e  sampling e f f i c i e n c y  of t h e  f l a t - p l a t e  pumping- 
sampler i n t a k e  was l e s s  t h a n  1 . 0 0  f o r  c o a r s e  sands .  S i z e  o f  s e d i -  
ment, s t ream v e l o c i t y  p a s t  t h e  i n t a k e ,  v e l o c i t y  of f low i n  t h e  i n -  
t a k e ,  and s i z e  and shape of i n t a k e  openings were f o u r  b a s i c  v a r i -  
a b l e s  t h a t  might a f f e c t  t h e  sampl ing e f f i c i e n c y .  Th is  i n v e s t i g a -  
t i o n  was planned t o  e v a l u a t e  t h e  e f f e c t  of t h e  fo l lowing  r a n g e s  of 
t h e  f o u r  b a s i c  v a r i a b l e s .  

a .  Three sediments  hav ing  mean s i z e s  of about  0 .45 ,  - 
0 .19 ,  and 0.10 mm were  t o  b e  c i r c u l a t e d  i n  a  l a b o r a t o r y  
flume . 

b .  F i v e  flume v e l o c i t i e s  from t h e  maximum a v a i l a b l e  - 
down t o  2  f p s  ( o r  t h e  minimum t h a t  would suspend t h e  s e d i -  
ment) were t o  be used .  

c .  Nine i n t a k e  shapes  a s  shown i n  F i g .  1 were  t o  b e  - 
t e s t e d .  The i n t a k e s  were  t u b e s  mounted w i t h  t h e  i n l e t  end 
f l u s h  w i t h  t h e  o u t e r  f a c e  of a  smooth f l a t  p l a t e .  Four  i n -  
t a k e s  were tubes  w i t h  i n s i d e  d iamete r s  of 112, 314, 1, and 
1 112 i n .  Two were 314-in.  tubes  rounded a t  t h e  i n l e t  on 
118 i n .  and 114 i n .  r a d i i ,  r e s p e c t i v e l y .  Two were 314- in .  
tubes  deformed t o  ova l  shapes  a t  t h e  i n l e t ,  One was a  314- 
i n .  t u b e  w i t h  a  smal l  s h e l f  undernea th  i t .  

d .  F i v e  i n t a k e  v e l o c i t i e s  were t o  b e  t e s t e d  f o r  each - 
of t h e  o t h e r  combinat ions  of v a r i a b l e s .  





Sect ion  2 11 

The t e s t s  a c t u a l l y  run were no t  a s  ex t ens ive  a s  planned, mainly 
because t h e  maximum flume v e l o c i t i e s  were l e s s  than d e s i r e d .  The 
number of a v a i l a b l e  t e s t  samples a r e  shown i n  Table  1. A t  l e a s t  one 
b a s i c  check, o r  re fe rence ,  sample f o r  comparison was r equ i r ed  f o r  
each t e s t  sample. Many ex t r a  samples were needed t o  d e f i n e  sediment 
d i s t r i b u t i o n  i n  t h e  flume. A s i n g l e  t e a t  was no t  expected t o  d e f i n e  
t h e  i n t a k e  e f f i c i e n c y  f o r  a  s e t  of v a r i a b l e s ,  bu t  t h e  comparison w i t h  
da ta  f o r  n e a r l y  s i m i l a r  condi t ions  was t o  be used t o  d e f i n e  major e f -  
f e c t s  of t h e  v a r i a b l e s .  



TABLE 1 

NUMnER OF TEST SAMPLES 

T o t a l  u s a b l e  samples . . . . . . . . . . . . . . . . . . . . . 494 
o r  a n  ave rage  of about  5 f o r  each c o n d i t i o n .  

9: V e l o c i t y  1 . 5  i nches  ou t  from e n t r a n c e  of i n t a k e .  
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11. TEST CONBITIONS 

3 .  Flume f a c i l i t i e s - - T h e  pumping sampler i n t akes  were t e s t e d  
i n  t h e  flume i n  t h e  Engineer ing Building of Colorado S t a t e  Univer- 
s i t y ,  F o r t  Co l l i n s ,  Colo. The flume i s  a  t i l t i n g  r e c i r c u l a t i n g  
flume 150 f t  long, 8 f t  wide, and 2 f t  deep (USGS Water-Supply Paper 
1498-A, F ig .  1)  [ 4 ] .  A s p e c i a l  t e s t  s e c t i o n  was cons t ruc ted  i n  t h e  
flume. The s e c t i o n  was 2 f t  deep, and 18 ,5  i n .  wide. (See F i g .  2 . )  
A r t i f i c i a l  roughness t o  he lp  maintain t h e  sediment i n  suspension was 
i n s t a l l e d  on t h e  flume bed upstream from t h e  t e s t  s e c t i o n .  (See 
F i g .  3.)  The maximum v e l o c i t y  a t t a i n a b l e  i n  t h e  t e s t  s e c t i o n  was 
about 8 f p s  ( a t  t h e  middle of t h e  flume).  

The water-sediment mixture  i n  t h e  flume was r e c i r c u l a t e d  w i th  
a  pump t h a t  provided a  maximum discharge  of 14 c f s .  A Ventur i  sec-  
t i o n  and manometer were l oca t ed  i n  t h e  r e t u r n  pipe.  They were c a l i -  
b r a t ed  t o  g ive  pump d ischarge .  

The arrangement of t h e  t e s t  equipment i n  t h e  flume i s  shown i n  
F i g .  4 .  A socket  (F ig .  5) t h a t  made changing of i n t akes  easy was 
mounted i n  t h e  s i d e  w a l l  of t h e  flume. The flume end of t h e  socke t  
was a  f l a t  p l a t e  i n s t a l l e d  f l u s h  w i th  t h e  i n s i d e  w a l l  of t h e  flume. 
A rubber suc t ion  cup (no t  shown on Pig.  4  o r  5) was mounted on a  
hinged arm, which was a t t ached  t o  t h e  flume w a l l .  The cup could be 
forced a g a i n s t  t h e  flume f a c e  of t h e  socket  opening t o  shu t  o f f  t h e  
flow whi le  i n t akes  were changed. Throughout t h e  t e s t s  t h e  cen t e r -  
l i n e  of t h e  i n t ake  was always 6 i n .  above t h e  bottom of t h e  flume. 

Each in t ake  had a  f l e x i b l e  d i scharge  tube  t o  c a r r y  t h e  d i v e r t -  
ed flow t o  a  waste  b a r r e l  o r  t o  a  volumetr ic  tank .  The i n s i d e  d i -  
ameter of t h e  tube was u s u a l l y  about t h e  same a s  t h a t  of t h e  i n -  
t ake  opening, bu t  d i f f e r e n t  s i z e s  of tube  were sometimes used f o r  

p a r t ,  o r  a l l ,  of t h e  l e n g t h  t o  provide a  b e t t e r  range of i n t a k e  ve- 
l o c i t i e s .  

A sample nozz le  f o r  c o l l e c t i n g  r e f e r ence  samples was mounted 
permanently j u s t  downstream from t h e  i n t a k e  opening. A sharp  noz- 
z l e  having an i n s i d e  diameter  of 114 i n .  ( l a t e r  5/16 i n . ) ,  was used 
s o  t h a t  an accu ra t e  sample of t h e  sediment i n  t h e  flow would be 
taken i f  t h e  v e l o c i t y  i n  t h e  nozz le  equal led t h e  v e l o c i t y  of t h e  
sampled flow. The v e l o c i t y  i n  t h e  nozz le  could be  c o n t r o l l e d  by 
changing t h e  e l e v a t i o n  of t h e  d i scharge  end of t he  f l e x i b l e  tube  
t h a t  c a r r i e d  t h e  d i scharge  from t h e  nozzle .  
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Two 1 1 4 - i n ,  sediment sampling nozz les  s i m i l a r  t o  t h e  s t a t i o n a r y  
r e f e r e n c e  n o z z l e  were  used t o  t a k e  s imul taneous  samples a t  d e s i r e d  
p o i n t s  i n  t h e  f lume c r o s s  s e c t i o n .  The d i s t r i b u t i o n s  of sediment 

c o n c e n t r a t i o n  i n  t h e  c r o s s  s e c t i o n  b e f o r e  and a f t e r  a  s e r i e s  of t e s t  
runs  were  determined from samples c o l l e c t e d  through t h e s e  n o z z l e s .  

A P r a n d t l  t u b e  was used f o r  measuring flume v e l o c i t i e s  and de- 
t e rmin ing  t h e  d i s t r i b u t i o n  of v e l o c i t i e s  i n  t h e  c r o s s  s e c t i o n .  The 
d i s c h a r g e  i n  t h e  flume cou ld  b e  r e a d i l y  checked by manometer read-  
i n g s  t o  de te rmine  t h e  s t a b i l i t y  of t h e  t o t a l  f lume f low.  

4.  --Tanks were  used  t o  de te rmine  t h e  v o l -  
ume of each sediment sample. Two tanks  had a  c a p a c i t y  of about  100 
l b s  of w a t e r  each,  and one t ank  had a  c a p a c i t y  of about  300 l b s  of 
w a t e r .  The body of  each t ank  was round and  s t o o d  on s h o r t  l e g s .  
The bottom of t h e  t a n k  s loped  toward two d r a i n s  which cou ld  be  
plugged w i t h  rubber  s t o p p e r s .  The upper  d r a i n  was abou t  3  i n .  above 
t h e  lowest  p o i n t  of t h e  t ank .  The lower d r a i n  was l e v e l  w i t h  t h e  
lowest  p o i n t  of t h e  t ank .  (See F i g .  4.) A p o i n t  gage was mounted 
on t h e  s i d e  o f  t h e  t ank  s o  t h a t  t h e  l e v e l  of w a t e r  i n  t h e  t ank  could  
b e  determined a c c u r a t e l y .  The gage was c a l i b r a t e d  t o  g i v e  pounds of 
sed iment - f ree  w a t e r  i n  t h e  t ank .  

A smal l  sediment l a b o r a t o r y  equipped w i t h  v i sua l -accumula t ion  
t u b e  a p p a r a t u s  [ 2 3  and ovens,  b a l a n c e s ,  b e a k e r s ,  and v a r i o u s  con- 
t a i n e r s  was a v a i l a b l e  f o r  d e t e r m i n a t i o n  of s i z e  d i s t r i b u t i o n  and 
c o n c e n t r a t i o n  of sediment i n  t h e  samples.  

5. --Although t h e  chemical  
q u a l i t y  of t h e  w a t e r  used i n  t h e  flume was n o t  expected t o  a f f e c t  
t h e  t e s t  r e s u l t s  measurably ,  e i g h t  samples f o r  chemical  a n a l y s i s  
were taken a t  t imes  spaced throughout  t h e  d u r a t i o n  of t h e  t e s t s  
J u l y  19 t o  September 20, 1963. (See Table  2 . )  Four o f  t h e  ana ly -  
s e s  were made by M r .  Max P a r s h a l l  of Colorado S t a t e  U n i v e r s i t y  and 
f o u r  were made by t h e  Branch of Q u a l i t y  of Water of t h e  U. S. 
Geolog ica l  Survey a t  Denver, Colo,  

6.  --Temperature of t h e  
w a t e r  was measured t h r e e  t imes  each day t h a t  samples were  r u n .  
(See F i g .  6 . )  

The t empera tu re  of t h e  wa te r  i n  t h e  f lume averaged about  70'. 
The range was from 65O t o  7 5 9 .  Each morning t h e  flume was f i l l e d  
w i t h  w a t e r  from t h e  c i t y  main.  T y p i c a l l y  t h e  t empera tu re  r o s e  
about  4 ' ~  d u r i n g  each day.  Temperature changes had no observab le  
e f f e c t  on t e s t  r e s u l t s ,  
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7 .  Sediment--Three n a t u r a l  sediments w i t h  s p e c i f i c  g r a v i t i e s  
of about 2.65 were used i n  t h e  t e s t s .  '?hey a r e  c a l l e d  0.45-mm, 
0.19-mm, and 0.10-mm sands. S i ze s  r epo r t ed  he re  a r e  " f a l l  diameters"  
based on visual-accumulat ion tube  ana lyses  [ 2 ] .  

The 0 .45 -m sand i s  t h a t  r epo r t ed  i n  F i g .  2  of U. S. Geological  
Survey Water Supply Paper 1498-A [ 4 ] .  Data i n  P i g .  7 show s i z e  
ana lyses  of t h e  sediment i n  suspension i n  t h e  flume a t  t he  e l e v a t i o n  
of t h e  i n t a k e  f o r  t h r e e  d i f f e r e n t  flume v e l o c i t i e s  and t h e  0.45-mm 
sand. The v e l o c i t i e s  were 6.5, 4.3,  and 2.8 f p s  which correspond t o  
about 5 .3 ,  3 ,4 ,  and 1.7 f p s  a t  a  d i s t a n c e  of 1 . 5  i n .  from t h e  i n -  
t ake .  The median s i z e  of sediment i n  suspension was about  0 .40-m 
a t  t h e  higher  v e l o c i t i e s  bu t  only about 0.30 mm a t  t h e  lowest ve- 
l o c i t y .  I n t a k e  t e s t s  were no t  run  a t  t h e  lowest v e l o c i t y  because 
sediment concent ra t ions  i n  suspension were ve ry  low. 

The 0.19-mm sand had a  median s i z e  of 0.185 mm i n  suspension a t  
high flume v e l o c i t i e s .  Samples were no t  analyzed f o r  low v e l o c i t i e s  
b u t  no s i g n i f i c a n t  r educ t ion  i n  s i z e  of sediment i n  suspension would 
be l i k e l y .  

The 0.10-m sand was from a  d e l t a  depos i t  i n  Loveland Lake, 
near  F o r t  C o l l i n s ,  Colo. Only t h e  sediment pas s ing  a  U .  S. No. 100 
(0.147 mm) s i e v e  and r e t a i n e d  on a U. S.  No. 200 (0.074 mm) s i e v e  
was used. The s i z e  of t h e  sediment i n  suspension i n  t h e  flume was 
.089 mm according t o  visual-accumulat ion tube ana lyses .  

Actua l ly ,  t h e  r epo r t ed  samplirbg e f f i c i e n c i e s  a r e  f o r  suspended 
sediments whose median s i z e s  a r e  0.40 mm, 0.18 mm, and 0.09 mm 
r a t h e r  than t h e  nominal s i z e s  of 0.45 nm, 0.19 mm, and 0.10 mm. 

8 .  V e l o c i t i e s  and d i s t r i b u t i o n  of flow i n  t e s t  section--The 
v e l o c i t y  of flow i n  t h e  flume was one of t h e  major v a r i a b l e s  i n  
t h e  i n t ake  t e s t s .  Also, t h e  r a t i o  of ,ve loc i ty  i n  sampling nozzles  
t o  t h a t  i n  t h e  approaching flow i s  important t o  sampling accuracy.  
Veloc i ty  d i s t r i b u t i o n  i n  t h e  c r o s s  s e c t i o n  was f a i r l y  cons tan t  w i t h  
r e s p e c t  t o  time except when changes were made i n  t h e  flume d ischarge .  
The v e l o c i t y  d i s t r i b u t i o n  was measured each day. 

Veloc i ty  d i s  Lr ibu t ion  was determined from observa t ions  w i t h  a 
P rand t l  tube.  Each morning, o r  a t  t h e  s t a r t  of a  s e t  of t e s t s  a t  
a  new flume v e l o c i t y ,  observa t ions  were taken a t  p o i n t s  marked wi th  
an X i n  t h e  c ros s  s e c t i o n  shown i n  P i g .  8 .  A t  t h e  c l o s e  of d a i l y  
t e s t s  o r  t h e  end of a  v e l o c i t y  s e r i e s ,  observa t ions  were taken a t  
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t h e  po in t s  marked w i t h  a  c i r c l e .  Veloc i ty  observa t ions  were taken 
i n  a  v e r t i c a l  p lane  3 i n .  upstream from t h e  a x i s  of t h e  i n t ake  open- 
i ng  f o r  t h e  t e s t  samples. There was no flow i n t o  t h e  i n t a k e  when 
v e l o c i t i e s  were taken.  The samples were taken 3 i n .  upstream t o  
avoid i n t e r f e r e n c e  w i t h  t h e  r e f e r ence  nozzle  and because t h e  flow 
i n t o  t h e  i n t ake  was drawn from a  s e c t i o n  upstream. That i s ,  t h e  
s t reaml ines  i n t o  t h e  i n t a k e  began converging inward from a  po in t  
upstream of t h e  a x i s  of t h e  i n t ake .  (See F ig .  11 . )  The sepa ra t i on  
of sediment from the  s t r eaml ines  w i l l  be d i scussed  l a t e r .  (See 
F i g .  11 and Sec t ion  1 0 . )  

Typical  d a i l y  d i s t r i b u t i o n s  of v e l o c i t y  (P ig .  9 )  a r e  shown f o r  
t h e  eleven s e r i e s  of v e l o c i t y  and sediment combinations involved i n  
t h e  t e s t s .  The v e l o c i t i e s  a t  an e l eva t ion  2  i n .  above t h e  a x i s  of 
t h e  i n t a k e  were o f t e n  s l i g h t l y  higher  than t h e  v e l o c i t i e s  2  i n .  be- 
low. I n  genera l ,  t h e  v e l o c i t i e s  above and below were averaged wi th  
t h e  morning and evening observa t ions  a t  t h e  e l eva t ion  of t h e  i n t ake  
a x i s  t o  de f ine  t h e  d a i l y  l a t e r a l  v e l o c i t y  d i s t r i b u t i o n .  V e l o c i t i e s  
f o r  determining t h e  r a t i o  of i n t ake  v e l o c i t y  t o  v e l o c i t y  of approach- 
i ng  flow were taken from t h e  d a i l y  d i s t r i b u t i o n s  of v e l o c i t y ,  both 
f o r  t h e  v e l o c i t i e s  a t  t h e  r e f e r ence  nozzle  (1 .5  i n .  ou t  from t h e  i n -  
t ake  w a l l  through Aug, 14,  1963, and 0.75 i n .  out  from t h e  w a l l  
a f te rward)  and f o r  t h e  samples taken a s  a  check on t h e  sediment d i s -  
t r i b u t i o n  i n  t h e  c ros s  s e c t i o n .  

The s i z e  of sediment had no c l e a r l y  observable  e f f e c t  on t h e  
d i s t r i b u t i o n  of v e l o c i t y  i n  t h e  c ros s  s ec t i on .  

A t  t h e  h ighes t  flume v e l o c i t i e s  t h e  v e l o c i t i e s  near  t h e  wa l l  
oppos i t e  t h e  i n t ake  do no t  decrease  normally because t h e  width of 
t h e  t e s t  s ec t i on  inc reases  j u s t  downstream. The change i n  width 
was used t o  i nc rease  t h e  v e l o c i t i e s  i n  t he  t e s t  s e c t i o n .  

9 .  Sediment-concentration i n  t h e  t e s t  section--The a c t u a l  con- 
c e n t r a t i o n s  of sediment a t  t h e  sampling po in t  va r i ed  from about 50 
t o  2,500 ppm by weight .  There seems t o  be no reason why t h e  sam- 
p l i n g  e f f i c i e n c y  of an i n t a k e  should vary  s i g n i f i c a n t l y  w i t h  a  
change i n  concen t r a t i on  of sediment i n  t h e  flow, un l e s s  of course 
t h e  concent ra t ion  becomes high enough t o  change t h e  f l u i d  cha rac t e r  
of t h e  mixture .  These t e s t s  were made on t h e  assumption t h a t  sed i -  
ment concent ra t ion  i s  n o t  a  d e c i s i v e  f a c t o r  i n  sampling e f f i c i e n c y .  

The sediment concen t r a t i on  a t  any po in t  i n  t h e  c r o s s  s e c t i o n  
of t h e  t e s t  s e c t i o n  of t h e  flume was h ighly  v a r i a b l e  w i t h  r e spec t  
t o  t ime,  e s p e c i a l l y  f o r  t h e  coa r se r  sediments.  Also, a t  any given 
time v a r i a t i o n s  i n  sediment concent ra t ion  w i th in  t h e  c ros s  s e c t i o n  
was h igh ly  v a r i a b l e  w i t h  r e spec t  t o  l oca t ion .  
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10. Sediment d i s t r i b u t i o n  i n  t h e  t e s t  sect ion--Unfortunately 
the  sediment concent ra t ion  was not  uniformly d i s t r i b u t i o n  i n  t h e  
flume c r o s s  s ec t ion  a t  t h e  i n t a k e  t e s t  s i t e .  Concentrations of 0.45- 
mm and 0.19-mm sediment were much h igher  on the  s i d e  of t he  flume i n  
which t h e  in t akes  were mounted. (See F ig .  10.)  The 0.10-mm sed i -  
ment was more uniformly d i s t r i b u t e d .  Also t h e  lack  of a  c o n s i s t e n t  
concent ra t ion  g rad ien t  i n  t h e  v e r t i c a l  may be seen i n  F ig .  10. 

The sampling e f f i c i e n c y  of each i n t a k e  under d i f f e r e n t  condi- 
t i ons  was t o  be e s t ab l i shed  by r e l a t i n g  t h e  concent ra t ion  of s ed i -  
ment i n  t he  sample taken through t h e  in t ake  t o  t he  concent ra t ion  i n  
a  comparative sample taken i n  a  r e f e rence  nozzle .  The concent ra t ion  
from t h e  re ference  sample was expected t o  r ep re sen t  t h a t  i n  t h e  
flume i n  t h e  v i c i n i t y  of t h e  in t ake  opening. 

From t h e  s t a r t  of i n t ake  t e s t i n g  on J u l y  19 through the  t e s t s  
w i th  t h e  0.45-mm sand and most of t h e  t e s t s , a t  high flume ve loc i -  
t i e s  w i t h  t h e  0.19-mm sand, t h e  r e f e rence  nozzle  was a t  a  po in t  
1 1 1 2  i n .  ou t  from t h e  in t ake  opening. 

Questions immediately a rose  a s  t o  t h e  area from which an in-  
take  sample was taken and the  po r t ion  of t h e  area i n  which the  
sediment concent ra t ion  was most e f f e c t i v e  i n  determining the  con- 
c e n t r a t i o n  i n  t h e  sample through t h e  in take .  Observations were 
made of t h e  flow i n t o  some of t h e  in t akes .  Dye i n j e c t i o n s  and 
s treamers  on a  small  rod were used t o  o b t a i n  r e s u l t s  such a s  those  
i n  F ig .  11, which i n d i c a t e  s t reaml ines  i n  t h e  ho r i zon ta l  plane of 
t h e  i n t a k e  a x i s  of a  0 .75-in.  i n t ake  and of a  1 .5 - in .  i n t ake .  A l -  
though some of t he  d ive r t ed  flow appeared t o  come from po in t s  sev- 
e r a l  inches from t h e  w a l l ,  t he  s t reaml ines  a r e  denser near t h e  
flume wa l l .  Most of t h e  sediment was drawn from a  l a y e r  approxi- 
mately 1 114 i n .  t h i c k  and ad jacent  t o  t h e  wa l l .  The cen t ro id  of 
t h e  sediment concent ra t ion  wi th in  t h e  l a y e r  was approximately 0 .5  
i n .  from t h e  wa l l .  

When s t reaml ines  of sediment-laden flow bend, t he  sediment 
p a r t i c l e s  tend t o  cont inue i n  a  s t r a i g h t  l i n e  because of t h e i r  
g r e a t e r  d e n s i t y  and higher  momentum pe r  u n i t  volume. The coarser  

p a r t i c l e s  a r e  most a f f e c t e d  (Report 5, Fig .  8) [ I ] .  Much of t h e  
coarser  sediment i n  t h e  ou te r  s t reaml ines  (Fig. 11) does not  e n t e r  
t he  i n t a k e  a t  a l l .  The sediment concent ra t ion  0.5 i n .  from t h e  
wa l l  was used a s  t h e  re ference  concent ra t ion  on which t o  base 
computations of i n t ake  e f f i c i e n c y ;  

Because the  sediment concent ra t ion  changes r a p i d l y  wi th  d i s -  
tance from t h e  w a l l ,  t h e  i n t ake  e f f i c i e n c y  depends on proper choice 
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S e c t i o n  1 0  2 9 

of d i s t a n c e  f o r  t h e  r e f e r e n c e  c o n c e n t r a t i o n .  I f  t h e  d i s t r i b u t i o n  o f  
sediment w i t h  d i s t a n c e  from t h e  w a l l  d i d  n o t  change s i g n i f i c a n t l y  
w i t h  t ime,  and i t  d i d  n o t  seem t o ,  t h e n  t h e  comparison of one i n t a k e  
w i t h  a n o t h e r  of abou t  t h e  same s i z e  i s  comple te ly  v a l i d .  I f  t h e  e f -  
f e c t i v e  sampl ing a r e a  i s  f a r t h e r  o u t  from t h e  w a l l  f o r  l a r g e  i n t a k e s  
o r  f o r  h i g h  v e l o c i t i e s  i n  a  g iven i n t a k e ,  t h e  sampling e f f i c i e n c y  
would be a  l i t t l e  h i g h e r  than  t h e  computed e f f i c i e n c y  based on t h e  
c o n c e n t r a t i o n  a t  a  d i s t a n c e  of 0 . 5  i n .  The d i f f e r e n c e  would be 
g r e a t e s t  f o r  t h e  c o a r s e s t  sediment .  

From J u l y  19 through August 14 ,  1963, t h e  r e f e r e n c e  samples were  
t aken  1 . 5  i n .  from t h e  w a l l ,  b u t  t h e  r e f e r e n c e  c o n c e n t r a t i o n  was r e -  
q u i r e d  0 . 5  i n ,  from t h e  w a l l .  The d i s t r i b u t i o n  of sediment n e a r  t h e  
w a l l  was determined f o r  each day from t h e  t y p e  of d a t a  shown i n  F i g .  
1 0 .  Samples were  t aken  i n  a  v e r t i c a l  p l a n e  3  i n .  upstream from t h e  
a x i s  of t h e  i n t a k e  and i n  p a i r s  a t  p o i n t s  2 i n .  a p a r t  h o r i z o n t a l l y .  
Because samples were  t aken  i n  s imul taneous  p a i r s ,  t h e  r e l a t i v e  con- 
c e n t r a t i o n  over  t h e  2- in .  l a t e r a l  d i s t a n c e  was n o t  a f f e c t e d  by a  
d i f f e r e n c e  i n  t ime .  A t  t h e  s t a r t  of d a i l y  sampling one p a i r  was 
g e n e r a l l y  t a k e n  a t  an  e l e v a t i o n  2  i n .  above t h e  a x i s  of t h e  i n t a k e ,  
a  second p a i r  2  i n .  below t h e  a x i s  and two p a i r s  on t h e  e l e v a t i o n  of 
t h e  a x i s .  The samples of t h e  f i r s t  p a i r  a t  each e l e v a t i o n  were  1 and 
3 i n .  from t h e  w a l l  and f o r  t h e  second p a i r  on t h e  e l e v a t i o n  o f  t h e  
a x i s  2 and 4 i n .  from t h e  w a l l .  Concen t ra t ions  of t h e  p a i r s  o f  sam- 
p l e s  were  p l o t t e d ,  and t h e  c o e f f i c i e n t  f o r  changing c o n c e n t r a t i o n  
1 . 5  i n .  from t h e  w a l l  t o  c o n c e n t r a t i o n  0 .5  i n .  from t h e  w a l l  was com- 
puted by d i v i d i n g  t h e  i n d i c a t e d  c o n c e n t r a t i o n  a t  0 .5  i n .  by t h a t  a t  
1 . 5  i n .  A d a i l y  average  was u s u a l l y  used a s  a  m u l t i p l i e r  f o r  t h e  con- 
c e n t r a t i o n s  from t h e  r e f e r e n c e  sample. O c c a s i o n a l l y ,  t h e  concen t ra -  
t i o n s  of a  p a i r  of samples were d i s r e g a r d e d  because  t h e y  seemed t o  be 
d e f i n i t e l y  erroneous  o r  because  t h e y  were  n o t  d i r e c t l y  a p p l i c a b l e .  
For  example, t h e  p a i r  2 i n .  above t h e  c e n t e r l i n e  f o r  J u l y  31 were  d i s -  
r egarded  because  they  were t aken  b e f o r e  e q u i l i b r i u m  was e s t a b l i s h e d  
and when c o n c e n t r a t i o n s  were  u n n a t u r a l l y  h i g h  and changing r a p i d l y .  

Beginning August 15,  t h e  r e f e r e n c e  n o z z l e  was moved t o  a  p o i n t  
0 .75 i n .  from t h e  w a l l  t o  minimize e x t r a p o l a t i o n  e r r o r s .  For  t h e  
same sediment d i s t r i b u t i o n ,  t h e  c o e f f i c i e n t s  t o  a d j u s t  t o  t h e  con- 
c e n t r a t i o n  from r e f e r e n c e  samples 0 . 7 5  i n .  from t h e  w a l l  t o  concen- 
t r a t i o n  0 . 5  i n .  from t h e  w a l l  a r e  abou t  25% of t h o s e  t o  a d j u s t  from 
1 . 5  i n .  from t h e  w a l l  b e f o r e  August 15, 

Sediment d i d  n o t  d e p o s i t  on t h e  bed of t h e  t e s t  s e c t i o n ,  and 

on ly  minor d e p o s i t s  occur red  anywhere w i t h i n  t h e  c o n s t r i c t e d  sec -  
t i o n  of t h e  f lume. (Some sediment accumulated on t h e  bed i n  wide 
s e c t i o n s  o f  t h e  f lume.)  
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111. TEST PROCEDURE 

11. P r e p a r a t i o n  f o r  t e s t s - - A l l  t e s t s  w i t h  t h e  0.45-mm sand were  
run  f i r s t ,  t h e n  a l l  w i t h  t h e  0.19-mm sand,  and f i n a l l y  t h o s e  w i t h  t h e  
0.10-mm sand .  Whichever sand was i n  t h e  flume, a l l  t e s t s  w i t h  a  g iven 
flume v e l o c i t y  were made c o n s e c u t i v e l y .  The o r d e r  i n  which t h e  flume 
v e l o c i t i e s  were used v a r i e d  f o r  convenience.  No s p e c i f i c  o r d e r  was 
used f o r  t e s t i n g  i n t a k e s  and i n t a k e  v e l o c i t i e s  excep t  t h a t  t h e  s h e l f  
i n t a k e  was r u n  a t  t h e  s t a r t  of a  day,  o r  s e r i e s  o f  r u n s ,  s o  t h a t  i t  
could  b e  i n s t a l l e d  when t h e r e  was no w a t e r  i n  t h e  f lume. The s h e l f  
could  b e  removed e a s i l y  w i t h  w a t e r  i n  t h e  f lume. 

Sediment was dumped o r  shoveled i n t o  t h e  flume when t h e  pump and 
c i r c u l a t i n g  system were o p e r a t i n g .  T e s t s  were s t a r t e d  o n l y  a f t e r  t h e  
sediment was moving un i fo rmly  i n  t h e  flume. G e n e r a l l y  t h i s  d i d  n o t  
t a k e  v e r y  long .  I f  t h e  sediment had been c i r c u l a t i n g  i n  t h e  flume 
t h e  day b e f o r e ,  t e s t i n g  was begun a s  soon a s  t h e  v e l o c i t y  s t a b i l i z e d  
i n  t h e  t e s t  s e c t i o n .  Sediment was added a t  i n t e r v a l s  t o  r e p l a c e  t h a t  
removed from t h e  flume by sampling o r  by d r a i n a g e  a t  t h e  end of t h e  
day.  A d d i t i o n s  were made i n  t h e  morning b e f o r e  d i s t r i b u t i o n  o f  s e d i -  
ment i n  t h e  t e s t  s e c t i o n  was determined.  

1 2 .  Procedure  f o r  d a i l y  t e s t s - - A t  t h e  beg inn ing  of a  day,  t h e  
i n t a k e  t h a t  was t o  b e  t e s t e d  f i r s t  was i n s t a l l e d .  (Changes i n  i n -  
t akes  d u r i n g  t h e  t e s t  day were made w i t h o u t  s t o p p i n g  t h e  flow b u t  
changes were  a  l i t t l e  e a s i e r  when t h e r e  was no w a t e r  i n  t h e  f lume. )  

The pump was s t a r t e d  and t h e  pumping r a t e  was a d j u s t e d  t o  g i v e  
t h e  g e n e r a l  v e l o c i t y  range  f o r  t h e  t e s t s  t o  be  made. Then, t h e  ve- 
l o c i t i e s  were  observed a t  p o i n t s  i n  t h e  c r o s s  s e c t i o n  a s  i n d i c a t e d  
i n  S e c t i o n  8 and F i g .  9 .  

D i s t r i b u t i o n  of sediment i n  t h e  c r o s s  s e c t i o n  was determined 
from s o  c a l l e d  "check" samples t aken  a t  t h e  p o i n t s  d e s c r i b e d  i n  
S e c t i o n  8. A p a i r  of i d e n t i c a l  sampling n o z z l e s  w i t h  s h a r p  i n t a k e  
edges was used .  Such nozz les  sample sediment a c c u r a t e l y  when p o i n t e d  
d i r e c t l y  i n t o  t h e  approaching flow i f  t h e  v e l o c i t y  i n  t h e  i n t a k e  i s  
equal  t o  t h a t  i n  t h e  approaching f low,  When t h e  i n t a k e  v e l o c i t y  was 
somewhat d i f f e r e n t  from t h a t  i n  t h e  approaching f low,  t h e  sampled 
c o n c e n t r a t i o n  of sediment was c o r r e c t e d  t o  t h a t  i n  t h e  f low by u s i n g  

Table  3 ,  which i s  based on Inter-Agency Report  5  [ I ] .  



TABLE 3 

MULTIPLIERS TO CORRECT SEDIMENT-SAMPLE CONCENTRATIONS FOR THE 

EFFECT OF INTAKE RATIO 

T h i s  t a b l e  i s  b a s e d  on d a t a  o f  R e p o r t  5 [ I ] .  M u l t i p l i e r s  w e r e  o b t a i n e d  by 
i n t e r p o l a t i o n  and e x t r a p o l a t i o n  when n e c e s s a r y .  They w e r e  a p p l i e d  t o  r e f e r e n c e  
and check  samples  o n l y .  
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The e l e v a t i o n  of t h e  d i scharge  end of a  f l e x i b l e  tube from each 
check-sampling nozz le  was ad ju s t ed  t o  g ive  a  v e l o c i t y  i n  t h e  nozz le  
about equal  t o  t h e  known flume v e l o c i t y  a t  t h e  sampling p o i n t .  The 
samples were siphoned over t h e  s i d e  of t h e  flume. I f  necessary ,  t h e  
nozzles  and t ubes  composing t h e  s iphon were f i l l e d ,  o r  primed, and 
t h e  d i scharge  end of t h e  tube  was clamped. 

A check sample was taken by a d j u s t i n g  bo th  nozz les  f o r  e l e v a t i o n  
i n  t h e  flume, o r i e n t a t i o n  d i r e c t l y  i n t o  t h e  flow, and d i s t a n c e  from 
t h e  i n t ake .  The d i scharge  tubes  were opened and flow was wasted f o r  
about 10 sec  t o  f l u s h  o u t  t h e  tubes .  Then a  sample of about 60 l b s  
of wate r  was c o l l e c t e d  through each nozz le .  The t ime f o r  c o l l e c t i o n  
depended on t h e  v e l o c i t y ,  and ranged from 400 t o  1600 s ec .  Each sam- 
p l e  was c o l l e c t e d  i n  a  s e p a r a t e  vo lumet r ic  t ank .  A f t e r  i t s  volume 
( a c t u a l l y  weight  of an  equiva len t  volume of  c l e a r  wa t e r )  was de t e r -  
mined, and t h e  sediment had s e t t l e d  t o  t h e  bottom, t h e  supe rna t an t  
l i q u i d  i n  t h e  tank  was dra ined  o f f  through th,e upper d r a i n  on t h e  
tank.  Then t h e  sediment and remaining l i q u i d  were dra ined  i n t o  a  
con t a ine r  and taken t o  t h e  l abo ra to ry  where t h e  d ry  weight of s ed i -  
ment was determined. Concentrat ion of sediment was computed l a t e r  
a s  r a t i o  of sediment weight t o  weight of c l e a r  wate r  corresponding 
t o  t h e  sample volume. 

Reference samples were c o l l e c t e d  f o r  comparison w i t h  each sample 
taken through a  pumping sampler i n t a k e .  The e l e v a t i o n  of t h e  d i s -  
charge end of a  f l e x i b l e  tube  l e ad ing  from t h e  nozz le  was f i x e d  t o  
g ive  a  v e l o c i t y  i n  t h e  nozz le  about equal  t o  t h a t  i n  t h e  flume a t  t h e  
i n t a k e  of t h e  r e f e r e n c e  nozz le .  Discharge was wasted f o r  about  10 
s e c ,  then h a l f  a  sample was c o l l e c t e d  i n  one of t h e  vo lumet r ic  tanka.  
A f t e r  t h e  h a l f  sample was c o l l e c t e d ,  t h e  d i s cha rge  from t h e  r e f e r ence  
nozz le  was stopped w h i l e  t h e  t e s t  sample was taken  through t h e  t e s t  
i n t a k e .  A s  soon a s  t h e  i n t a k e  sample was complete and flow through 
t h e  i n t a k e  had been stopped, t h e  second h a l f  of t h e  r e f e r e n c e  sample 
was taken.  

The sample through a  t e s t  i n t a k e  was taken  by e s t a b l i s h i n g  an  
e l e v a t i o n  f o r  t h e  d i s cha rge  end of t h e  f l e x i b l e  d i s cha rge  hose from 
t h e  i n t ake .  The o u t e r  end of t h e  d i s cha rge  hose  was f i x e d  a t  t h e  
s e l e c t e d  e l e v a t i o n  and opened. Flow was wasted f o r  a  few seconds t o  
f l u s h  t h e  l i n e .  Then a  sample was taken  i n  t h e  l a r g e s t  vo lumet r ic  
tank.  When a  sample of 120 Ib s  o r  more had been c o l l e c t e d ,  t h e  d i s -  
charge was stopped and t h e  second h a l f  of t h e  r e f e r e n c e  sample was 
taken.  Addi t iona l  p a i r s  of r e f e r e n c e  and t e s t  samples were taken f o r  
o t h e r  i n t a k e  v e l o c i t i e s  and o t h e r  i n t akes .  The weight  of samples and 
of sediment i n  t h e  samples was determined i n  t h e  same way f o r  t h e  
check, reference,  and t e s t  samples. 
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A t  t h e  end of a  day, o r  t e s t  pe r iod ,  a  s e t  of samples was taken 
t o  check t h e  d i s t r i b u t i o n  of sediment.  Also, a  s e t  of v e l o c i t y  ob- 
s e r v a t i o n s  was made t o  check t h e  h o r i z o n t a l  v e l o c i t y  d i s t r i b u t i o n  a t  
each of  t h r e e  e l eva t ions .  

Stop watches were used t o  determine time i n  seconds f o r  t h e  col- 
l e c t i o n  of a l l  sediment samples. 

Temperature of t h e  water  i n  t h e  flume was taken a t  t h e  s t a r t  of 
a  work day, a t  noon, and j u s t  be fo re  t h e  end of t h e  day. Pump d i s -  
charge was recorded a t  t h e  s t a r t  of work and checked s e v e r a l  t imes 
each day. Samples f o r  a n a l y s i s  of chemical q u a l i t y  of t h e  water  and 
f o r  s i z e  a n a l y s i s  of t h e  sediment were taken a t  i n t e r v a l s  throughout 
t h e  d u r a t i o n  of t he se  t e s t s .  
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I V .  DATA COMPUTATION AND DISCUSSION 

13 .  I n t a k e  v e l o c i t i e s  and c o r r e c t i o n s  based on i n t a k e  r a t i o s - -  
V e l o c i t i e s  i n  t h e  sampling and r e f e r e n c e  nozz les  were  computed on 
t h e  b a s i s  of t h e  sample volumes and t h e  t ime  f o r  c o l l e c t i n g  t h e  sam- 
p l e s ,  The volume of sample d i v i d e d  by t ime  gave volume p e r  second. 
Then, t h e  volume per  second d i v i d e d  by t h e  a r e a  o f  t h e  n o z z l e  gave 
v e l o c i t y  i n  t h e  nozz le .  Because t h e  c a l i b r a t i o n  of t h e  v o l u m e t r i c  
t a n k s  was i n  pounds of w a t e r ,  a  r e l a t i o n  between pounds p e r  second 
and v e l o c i t y  i n  t h e  n o z z l e  was computed and used f o r  convenience.  

The v e l o c i t y  a t  t h e  n o z z l e  was determined from t h e  v e l o c i t y  d i s -  
t r i b u t i o n  i n  t h e  flume, I f  t h e  flume v e l o c i t y  a t  a  check o r  a  r e f -  
e r e n c e  sampling p o i n t  was t h e  same a s  t h e  v e l o c i t y  i n  t h e  nozz le ,  
t h e  sediment c o n c e n t r a t i o n  i n  t h e  check o r  r e f e r e n c e  samples was con- 
s i d e r e d  r e p r e s e n t a t i v e  of t h a t  i n  t h e  f lume a t  t h e  sampl ing p o i n t .  
I f  v e l o c i t y  i n  t h e  n o z z l e  d i f f e r e d  from t h a t  a t  t h e  sampl ing p o i n t  
by more t h a n  approximately  5%, an  adjus tment  from Table  3 based on 
t h e  r a t i o  of v e l o c i t y  i n  t h e  i n t a k e  t o  v e l o c i t y  i n  t h e  approach ing  
f low ( i n t a k e  r a t i o ,  o r  r e l a t i v e  sampling r a t e  of Report  5  [I]), was 
a p p l i e d  t o  t h e  sediment c o n c e n t r a t i o n  of sediment a t  t h e  sampl ing 
p o i n t .  Concen t ra t ions  i n  samples taken through t e s t  i n t a k e s  were 
n o t  a d j u s t e d .  

14 .  Sampling e f f i c i e n c y  of a n  i n t a k e - - I d e a l l y ,  a  sample t aken  
through a n  i n t a k e  shou ld  have t h e  same c o n c e n t r a t i o n  a s  t h a t  i n  t h e  
s t ream a t  t h e  sampling p o i n t .  The s i z e  d i s t r i b u t i o n  should be  t h e  
same a l s o .  I f  t h e  c o n c e n t r a t i o n s  a r e  i d e n t i c a l ,  t h e  s i z e  d i s t r i b u -  
t i o n  can b e  assumed t o  b e  i d e n t i c a l .  I f  t h e  c o n c e n t r a t i o n  i n  t h e  
sample i s  l e s s  than  t h a t  i n  t h e  s t ream,  t h e  d e f i c i e n c y  i s  l i k e l y  t o  
be  i n  t h e  c o a r s e  s i z e s  of sediment .  

I n  t h e s e  t e s t s ,  sampl ing e f f i c i e n c y  i s  t aken  a s  t h e  r a t i o  of 
sed iment  c o n c e n t r a t i o n  i n  t h e  t e s t  sample t o  t h a t  i n  t h e  f lume com- 
pu ted  f o r  a  p o i n t  0 . 5  i n .  o u t  from t h e  flume w a l l .  The concen t ra -  
t i o n  i n  t h e  r e f e r e n c e  sample t h a t  was taken j u s t  b e f o r e  and j u s t  
a f t e r  t h e  t e s t  sample was m u l t i p l i e d  by t h e  d a i l y  c o r r e c t i o n  co- 
e f f i c i e n t  ( S e c t i o n  10)  t o  o b t a i n  t h e  c o n c e n t r a t i o n  0 . 5  i n .  from t h e  
flume w a l l  a t  t h e  t ime  t h e  t e s t  sample was t aken .  

The sampling e f f i c i e n c y  f o r  each t e s t  c o n d i t i o n  was used a s  a n  
i n d i c a t i o n  of t h e  e f f e c t  of t h e  sampling v a r i a b l e s ,  The e f f i c i e n c i e s  
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a r e  p l o t t e d  f o r  t h e  0.45-mm, 0.19-mm, and 0.10-mm sands i n  Appendix 
F igs .  15,  16,  and 17,  r e s p e c t i v e l y .  The e f f e c t  of each sampling v a r i -  
a b l e  i s  d i scussed  i n  t h e  fol lowing s e c t i o n s .  

15. E f f e c t  of v e l o c i t y  i n  t he  intake--Sampling e f f i c i e n c y  v a r i e d  
l i t t l e  f o r  i n t a k e  v e l o c i t i e s  more than 3 f p s .  (See Appendix F i g s .  15, 
16, and 17.)  To show t h e  e f f e c t s  of i n t a k e  v e l o c i t y  more c l e a r l y ,  
Appendix Table 6 was prepared.  It groups sampling e f f i c i e n c i e s  f o r  
a l l  i n t akes  by ranges of i n t ake  v e l o c i t y .  Average e f f i c i e n c i e s  w i t h i n  
given ranges of i n t a k e  v e l o c i t i e s  (from Appendix Table 6) a r e  p l o t t e d  
i n  F ig .  12. For i n t a k e  v e l o c i t i e s  more than 3.0 f p s ,  t h e  r a t i o  of i n -  
t ake  v e l o c i t y  t o  v e l o c i t y  i n  t h e  flume a t  sampling po in t  was n o t  s i g -  
n i f i c a n t  f o r  t h e  0.10-mm and 0 .19 -m sands.  For t he  0.45-mm sand an 
i n t a k e  v e l o c i t y  equal  t o  t h e  v e l o c i t y  a t  t h e  sampling po in t  gave be t -  
t e r  sampling e f f i c i e n c i e s .  A t  i n t ake  v e l o c i t i e s  of about 2  f p s  and 
l e s s ,  t h e  sampling e f f i c i e n c y  was very e r r a t i c  and was o f t e n  very  low. 
(This e f f e c t  seemed t o  extend i n  l e s s  d r a s t i c  amounts t o  i n t a k e  ve- 
l o c i t i e s  of 3  f p s  a t  t imes.)  A t  i n t ake  v e l o c i t i e s  l e s s  than 3 f p s  
t h e  concent ra t ion  of sediment i n  t h e  flow through the  i n t ake  was per -  
haps somewhat low. However, t h e  extremely low computed e f f i c i e n c i e s  
were c l e a r l y  t h e  r e s u l t  of sediment depos i t s  forming i n  t h e  d i scharge  
l i n e  from the  i n t ake .  Occasional ly ,  t h e  depos i t s  were no t  c a r e f u l l y  
f lushed  out  before  t h e  next  sample and t h e  excess sediment appeared 
i n  t h a t  sample. 

The p o s s i b i l i t y  t h a t  i n t a k e  e f f i c i e n c i e s  f o r  l a r g e  i n t a k e s  and 
high in t ake  v e l o c i t i e s  should be a  l i t t l e  h igher  than those  shown by 
F ig .  12 was recognized i n  Sec t ion  10.  Also, i f  flume v e l o c i t i e s  
were much h igher  than those  used i n  t h e  t e s t s ,  t h e  sampling e f f i c i e n -  
cy, e s p e c i a l l y  f o r  coa r se  sediment,  might be  decreased un le s s  t h e  in -  
t ake  v e l o c i t i e s  were increased .  

Three bas i c  conclusions can be s t a t e d :  (1) An i n t a k e  v e l o c i t y  
g r e a t e r  than 3 f p s  i s  adequate  f o r  sampling over a  wide range of 
sediment s i z e s  and s t ream v e l o c i t i e s .  (2) For sands coa r se r  than 
0.20 mm an i n t ake  v e l o c i t y  equal  t o  o r  g r e a t e r  than t h e  v e l o c i t y  a t  
t h e  sampling po in t  i s  d e s i r a b l e .  (3)  I f  i n t a k e  v e l o c i t i e s  a r e  above 
the  minimum requi red  f o r  accuracy, small  changes i n  them w i l l  no t  
s i g n i f i c a n t l y  a l t e r  sampling e f f i c i e n c y .  

16.  E f f e c t  of i n t a k e  s i z e  and shape--Sampling e f f i c i e n c i e s  of 
Appendix F igs .  15, 16,  and 17 f o r  i n t ake  v e l o c i t i e s  g r e a t e r  than  3 
f p s  were averaged f o r  each combination of sediment s i z e ,  flume ve- 

l o c i t y ,  and in t ake  type.  (See F ig .  13.)  General ly ,  a t  h igh  flume 
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v e l o c i t i e s  t h e  sampling e f f i c i e n c i e s  show l i t t l e  e f f e c t  o f  s i z e  of i n -  
t a k e  ( range  0 . 5  t o  1 . 5  i n .  i n  d i a m e t e r ) ,  of rounding of o u t e r  end of 
t h e  i n t a k e  ( 3 / 4 - i n .  M and R i n t a k e s  compared t o  unrounded 314- in .  i n -  
t a k e ) ,  o r  of shape and o r i e n t a t i o n  of t h e  a x i s  of t h e  o v a l  i n t a k e .  
A t  t h e  lower flume v e l o c i t i e s ,  e s p e c i a l l y  perhaps  around 3 . 5  f p s ,  
sampling e f f i c i e n c i e s  t end  t o  b e  h i g h .  A t  low flume v e l o c i t i e s ,  t h e  
l a r g e  i n t a k e s  show a  s l i g h t l y  lower ,  b u t  a  more c o n s i s t e n t ,  sampl ing 
e f f i c i e n c y .  A t  h i g h  flume v e l o c i t i e s  t h e  i n t a k e  w i t h  t h e  s h e l f  under 
i t  h a s  t h e  b e s t  sampling e f f i c i e n c y  of a l l  t h e  i n t a k e s  b u t  a t  low 
flume v e l o c i t i e s  i t  sampled e r r a t i c a l l y .  

E r r a t i c  r e a d i n g s  i n  t h e  observed sampling e f f i c i e n c y  were caused 

by : 

a .  Large t ime  and space  v a r i a t i o n s  i n  t h e  f lume s e d i -  - 
ment c o n c e n t r a t i o n .  

b .  P o s s i b l e  s l i g h t  i n s t a b i l i t y  i n  t h e  i n t a k e s  sediment-  - 
sampling r a t e .  

The magnitude of t h e s e  v a r i a t i o n s  were  p robab ly  a  f u n c t i o n  of 
t h e  i n t a k e  s i z e  and shape.  

I n  an  e f f o r t  t o  compare t h e  i n t a k e s  on t h e  b a s i s  of i n t a k e  s t a -  
b i l i t y  (b .  - above) F i g .  13A, Tab le  4,  and Table  5  were  p repared .  

F i g .  13A shows a  comparison of t h e  maximum d e v i a t i o n s  i n  meas- 
ured sampling e f f i c i e n c y  f o r  each of t h e  n i n e  i n t a k e s .  F o r  each i n -  
t a k e  t h e  maximum d e v i a t i o n  caused by v a r i a t i o n s  i n  sand s i z e ,  i n t a k e  
v e l o c i t y  and flume v e l o c i t y  were e v a l u a t e d  from Appendix F i g s .  1 5 ,  
16,  and 17.  While t h e  e f f e c t s  of one v a r i a b l e  were  b e i n g  e v a l u a t e d  
t h e  remaining two v a r i a b l e s  were h e l d  w i t h i n  l i m i t s  j u s t  l a r g e  
enough t o  encompass a  r e p r e s e n t a t i v e  number o f  p o i n t s .  O c c a s i o n a l l y  
p o i n t s  n e a r  t o  b u t  o u t s i d e  t h e  boundar ies  were  used t o  e s t i m a t e  t h e  
maximum d e v i a t i o n .  

Table  4  shows f o r  each i n t a k e  t h e  s t a n d a r d  d e v i a t i o n  of a l l  
measured i n t a k e  e f f i c i e n c i e s  t h a t  f a l l  w i t h i n  t h e  s t a t e d  l i m i t s  of 
flume v e l o c i t y ,  i n t a k e  v e l o c i t y ,  and sand s i z e s .  

Table  5 shows t h e  numerical  r ank ing  of t h e  i n t a k e s  based on 
t h e  maximum d e v i a t i o n s  and computed s t a n d a r d  d e v i a t i o n s .  

Table  5 shows t h a t  t h e  n o z z l e  t h a t  r anks  b e s t  a c c o r d i n g  t o  
one t e s t  f o r  d i s p e r s i o n  may r a n k  compara t ive ly  low a c c o r d i n g  t o  
a n o t h e r  t e s t .  To rank  t h e  i n t a k e s  based on a l l  s i x  measures o f  
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TABLE 4 

STANDARD DEVIATION AND MEAN OF MEASURED SAMPLING EFFICIENCY 

Flume v e l o c i t y  3 . 5 - 6 . 1  f p s  

I n t a k e  v e l o c i t y  3-9 f p s  

( ) I n d i c a t e s  number of p l o t t e d  p o i n t s  used t o  c a l c u l a t e  s t a n d a r d  d e v i a t i o n  
and MEAN. As shown i n  Tab le  1, each p l o t t e d  p o i n t  i s  a n  average  of 
approx imate ly  f i v e  s e p a r a t e  r e a d i n g s .  

* F i r s t  day d a t a  was omi t t ed  i n  computat ion (See F i g .  l5B, 3 /4 - in .  i n t a k e ) .  

(Al l  c a l c u l a t i o n s  based on d a t a  from F i g s .  15 ,  16 ,  and 1 7 ) .  



TABLE 5 

RANI< OF INTAKES 

(Based on D i s p e r s i o n  of Measured Sampling E f f i c i e n c y )  

(1 )  I n d i c a t e s  i n t a k e  w i t h  l o d e s  t d i s p e r s i o n  i n  r e a d i n g s  

I f  two o r  more i n t a k e s  ranked n e a r l y  e q u a l  t h e  same a v e r a g e  numer ica l  
r a n k i n g  was a s s i g n e d  t o  each 
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d i s p e r s i o n  t h e  t o t a l  of t h e  numerical rankings f o r  each i n t a k e  was 
t abu la t ed  and t h e  r i g h t  hand column of Table 5 shows t h e  f i n a l  numer- 
i c a l  ranking  based on t h e  t o t a l .  

Based on t h e  f i n a l  ranking ,  t h e  1 112 i n .  i n t ake  appears  t o  be  
the  most c o n s i s t e n t .  It i s  followed i n  order  by t h e  1 i n . ,  3/4R, 
3/4SS and 112 i n . ,  314 i n . ,  O . H . ,  and O.V. Because t h e  ranking i s  
s e n s i t i v e  t o  t h e  s t a t i s t i c a l  t e s t  app l i ed ,  r e v e r s a l s  of ad j acen t  in -  
takes  could e a s i l y  occur .  However, t h e  f i n a l  numerical ranking does 
show t h a t  small  i n t akes  a r e  l e s s  c o n s i s t e n t  than l a r g e  i n t a k e s .  

17. E f f e c t  of sediment s ize- -Prev ious  work [ I ,  31 showed t h a t  
under a  wide range of cond i t i ons ,  sampling e f f i c i e n c y  was good f o r  
sediments smaller  than 0.06 mm.  This  conclusion was assumed t o  be 
t r u e  when t h e s e  t e s t s  were designed.  Sampling e f f i c i e n c i e s  f o r  t h e  
0.10-mm sand a l s o  confirmed t h e  assumption. For sediments coa r se r  
than 0.10 mm, p a r t i c l e  s i z e  has an important e f f e c t  on sampling e f f i -  
c iency,  e s p e c i a l l y  i f  t h e  coa r se r  s i z e s  a r e  contained i n  high- 
v e l o c i t y  flow a s  they u s u a l l y  a r e .  

Any of t h e  p l o t t i n g s  of t h e  t e s t  da ta  (F igs .  11-17) show t h e  
e f f e c t  of p a r t i c l e  s i z e .  Average sampling e f f i c i e n c i e s  f o r  a l l  i n -  
t akes ,  except t h e  s h e l f  i n t a k e ,  and a l l  i n t a k e  v e l o c i t i e s  g r e a t e r  
than 3 f p s  a r e  p l o t t e d  i n  F i g .  14  w i t h  flume v e l o c i t y  and sediment 
s i z e  a s  v a r i a b l e s .  Obviously i f  condi t ions  a r e  such t h a t  sampling 
e f f i c i e n c i e s  a r e  gene ra l l y  low, t h e  e f f i c i e n c y  w i l l  decrease  a s  t h e  
p a r t i c l e  s i z e  i nc reases  from s i z e s  of about 0.10 mm upward. 

Because f i n e  sediments a r e  u s u a l l y  d i s t r i b u t e d  uniformly i n  a  
stream v e r t i c a l  and can be sampled accu ra t e ly  through a  pumping 
sampler i n t ake ,  t h e  concent ra t ion  i n  samples should be  about  equal 
t o  concent ra t ions  i n  t h e  s t ream a t  t h e  sampling p o i n t .  

The concent ra t ion  of coa r se  sediments i n  a  pumped sample can 
be ad jus t ed  t o  show t h e  approximate concen t r a t i on  of coa r se  s ed i -  
ment a t  t h e  i n t ake  on t h e  b a s i s  of such data  a s  those  of F i g .  14.  
The 0 .45 - -m  sediment ( a c t u a l l y  0.40-mm i n  suspension) and a  flume 
v e l o c i t y  of 6  fp s  a r e  moderately high va lues  f o r  f i e l d  sampling of 
suspended sediment. The da ta  should no t  be ex t r apo la t ed  beyond 
these  l i m i t s .  

When coa r se  sediments a r e  i n  t he  stream flow, t h e  d i s t r i b u t i o n  
of sediment w i l l  no t  be  uniform throughout t h e  stream c r o s s  sec-  
t i o n .  Then, f o r  accu ra t e  sampling t h e  r e l a t i o n  between average 
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c o n c e n t r a t i o n  i n  t h e  c r o s s  s e c t i o n  and c o n c e n t r a t i o n  a t  t h e  sampler 
i n t a k e  must be  e s t a b l i s h e d  by manual sampl ing.  The l o g i c a l  procedure  
i s  t o  r e l a t e  t h e  c r o s s - s e c t i o n  c o n c e n t r a t i o n s  determined w i t h  s t a n d -  
a r d  sampling procedures  d i r e c t l y  t o  t h e  c o n c e n t r a t i o n  i n  pumped sam- 
p l e s ,  t h u s  c a l i b r a t i n g  t h e  combined e f f e c t  of d i s t r i b u t i o n  i n  t h e  
s t ream and sampling e f f i c i e n c y  a t  one t i m e .  

18.  - - F i g .  14 shows t h e  g e n e r a l  e f f e c t  
of flume v e l o c i t y  on sampling e f f i c i e n c y .  Flume v e l o c i t y  c o r r e s -  
ponds t o  t h e  s t ream v e l o c i t y  i n  normal sampling p rocedure .  The flume 
v e l o c i t i e s  shown i n  F i g .  1 4  a r e  a t  a  p o i n t  1 . 5  i n .  o u t  from t h e  i n -  
t a k e .  I n  s t ream sampling t h e  mean v e l o c i t y  i s  o f t e n  much h i g h e r  t h a n  
t h e  v e l o c i t y  a t  1 . 5  i n .  from t h e  i n t a k e ,  b o t h  because  of l a t e r a l  d i s -  
t r i b u t i o n  of v e l o c i t y  and t h e  f a c t  t h a t  t h e  pumping sampler i n t a k e  
may be  c l o s e  t o  t h e  s t ream bed. 

Another e f f e c t  may b e  l i k e  t h a t  shown f o r  t h e  Rock I s l a n d  sam- 
p l e r  nose  i n  F i g .  24 of Report  5. For  a n  i n t a k e  p o i n t i n g  d i r e c t l y  
i n t o  t h e  approaching flow and surrounded by a  f l a t  s u r f a c e ,  somewhat 
analogous t o  flume f low d i r e c t e d  a c r o s s  t h e  f lume and a g a i n s t  t h e  
i n t a k e  opening,  t h e  c o n c e n t r a t i o n  of sediment i n  t h e  sample was 
g r e a t e r  t h a n  i n  t h e  sampled f low.  A t  f lume v e l o c i t i e s  between ap- 
proximately  2.5 and 3.5 f p s  t h e  t e s t  d a t a  show t h e  h i g h e s t  e f f i -  
c i e n c i e s .  A t  t h e s e  low flume v e l o c i t i e s ,  t h e  s t r e a m l i n e s  e n t e r  t h e  
i n t a k e  w i t h  l e s s  a b r u p t  bending a t  t h e  e n t r a n c e  and sampling con- 
d i t i o n s  p robab ly  approach t h o s e  of F i g .  24 of Report  5 .  A t  flume 
v e l o c i t i e s  of about  2  f p s  sampling becomes more l i k e  t h a t  of sample 
wi thdrawal  from a  s e t t l i n g  chamber i n  which t h e  f l u i d  i s  a t  r e s t .  
The i n d i c a t i o n  t h a t  sampling e f f i c i e n c y  i s  lower a t  f lume v e l o c i -  
t i e s  of 2 . 0  f p s  than  a t  3 .5  f p s  may, o r  may n o t ,  b e  s i g n i f i c a n t .  
I n  n a t u r a l  s t r eams  n o t  much c o a r s e  sediment i s  l i k e l y  t o  b e  i n  sus-  
pension a t  v e l o c i t i e s  of 2 .0  f p s  o r  l e s s .  

I n  g e n e r a l ,  sampling e f f i c i e n c i e s  a r e  good a t  3 .5 - fps  v e l o c i t y  
p a s t  t h e  i n t a k e .  E f f i c i e n c i e s  become lower a s  t h e  w a t e r  v e l o c i t y  
i n c r e a s e s .  Th i s  seems l o g i c a l  and some d a t a  i n  Inter-Agency Reports  
5  and Q [ I ,  31 show such an  e f f e c t .  S p e c i a l  i n t a k e s  such a s  t h e  
s h e l f  i n t a k e  of F i g .  1 might be  used f o r  f low a t  extremely h igh  ve- 
l o c i t y  and c a r r y i n g  c o a r s e  sediment .  
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V .  CONCLUSIONS 

19. Conclusions  and rqcommendations--In s p i t e  of t h e  d i f f i c u l -  
t i e s  invo lved  i n  t h i s  g e n e r a l  t y p e  of s t u d y  and some of t h e  problems 
p e c u l i a r  t o  t h i s  group of t e s t s ,  t h r e e  q u e s t i o n s  b a s i c  t o  pumping 
sampler  i n t a k e  d e s i g n  were answered.  

1. Except f o r  i n t a k e  No. 9  (SS) ,  t h e  s i z e  and shape o f  t h e  i n -  
t a k e  does no t  m a t e r i a l l y  a f f e c t  i t s  average  sampling e f f i c i e n c y .  

2.  For  sediments  i n  t h e  c l a y  and s i l t  s i z e  t h e  v e l o c i t y  i n  t h e  
i n t a k e  and t h e  v e l o c i t y  i n  t h e  s t ream does n o t  a f f e c t  t h e  sampl ing 
e f f i c i e n c y  provided t h a t  t h e  i n t a k e  v e l o c i t y  exceeds 3.5 f p s .  How- 
e v e r ,  f o r  sediments  i n  t h e  sand s i z e ,  i n t a k e  v e l o c i t y  and s t ream ve-  
l o c i t y  do have an  i n f l u e n c e  upon sampling e f f i c i e n c y .  An i n c r e a s e  
i n  s t ream v e l o c i t y  w i l l  r e s u l t  i n  a  d e c r e a s e  i n  sampling e f f i c i e n c y .  
To minimize random v a r i a t i o n s  i n  t h e  sampling e f f i c i e n c y  t h e  i n t a k e  
v e l o c i t y  must be  equa l  t o  o r  g r e a t e r  than  t h e  s t ream v e l o c i t y  a t  
t h e  sampling p o i n t .  

3 .  For  t h e  same s t ream v e l o c i t y ,  i n t a k e  v e l o c i t y ,  sediment  
c o n c e n t r a t i o n ,  and sediment s i z e ,  a  l a r g e  i n t a k e  i s  s l i g h t l y  more 
c o n s i s t e n t  t h a n  a  smal l  i n t a k e .  

Of t h e  n i n e  i n t a k e s  t e s t e d ,  t h e  1 - i n .  appears  t o  be  t h e  most 
s a t i s f a c t o r y  from t h e  s t a n d p o i n t  of sampl ing e f f i c i e n c y  and power 
requ i rement  f o r  t h e  fo l lowing  r e a s o n s :  

a .  Except f o r  t h e  1 112- in .  i n t a k e  t h e  1 - i n .  i n t a k e  was - 
g e n e r a l l y  more c o n s i s t e n t  t h a n  t h e  o t h e r  i n t a k e s .  

b .  Compared t o  t h e  o t h e r  i n t a k e s  t h e  change i n  sampl ing - 
e f f i c i e n c y  caused by changes i n  sand s i z e  was s m a l l e r .  

c .  For  any g iven  sand s i z e  t h e  average  i n t a k e  e f f i c i e n c y  - 
was g e n e r a l l y  h i g h e r  than  t h e  o t h e r  i n t a k e s .  (The S.S.  i n t a k e  had 
a  h i g h  e f f i c i e n c y  bu t  was v e r y  e r r a t i c . )  

d .  It  i s  one of t h e  s i m p l e s t  and consequen t ly  one o f  t h e  - 
most inexpens ive  i n t a k e s  t o  f a b r i c a t e .  

e .  For  equa l  i n t a k e  v e l o c i t i e s  i t  r e q u i r e s  l e s s  pump - 
power t h a n  t h e  1 112- in .  i n t a k e  which a l s o  ranks  h i g h  i n  a l l  o t h e r  
r e s p e c t s .  
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f .  Because of i t s  s imple  shape,  b a c k f l u s h i n g  should b e  e f -  - 
f e c t i v e  i n  c l e a n i n g  t h e  i n t a k e .  

The fo l lowing  recommendations a r e  based on f a c t s  r e v e a l e d  by 
t h e s e  t e s t s  and a l i m i t e d  number of pumping sampler  f i e l d  i n s t a l l a -  
t i o n s .  

1. One-inch i n t a k e s  should be  used.  They shou ld  be  mounted i n  
a  v e r t i c a l  w a l l  t h a t  i s  p a r a l l e l  t o  t h e  s t reamflow.  

2 .  The i n t a k e  and t u b i n g  t h a t  connec t s  t h e  i n t a k e  t o  t h e  pump 
should b e  i n s t a l l e d  so  t h a t  they  a r e  p r o t e c t e d  from s t ream c a r r i e d  
d e b r i s  t h a t  may damage o r  d i s l o d g e  t h e  p a r t s .  

3 .  The i n t a k e  should b e  l o c a t e d  i n  a  s t r a i g h t  r e a c h  of t h e  
s t ream and t h e  pump and sample s p l i t t e r  should  be  l o c a t e d  a s  c l o s e  
t o  t h e  i n t a k e  a s  p o s s i b l e .  

4.  The pump should be  i n s t a l l e d  s o  t h a t  t h e  d i f f e r e n c e  i n  e l e -  
v a t i o n  between t h e  pump and i n t a k e  do n o t  exceed t h e  p r iming  l i m i t s  
of t h e  pump. The maximum d i f f e r e n c e  i n  e l e v a t i o n  i s  u s u a l l y  abou t  
20 f e e t .  

5. The i n t a k e  should b e  l o c a t e d  a t  a  p o i n t  where s t ream tu rbu-  
l e n c e  i s  h i g h  s o  t h a t  sediment  mixing i s  a s  thorough a s  p o s s i b l e .  

6 .  A t  l e a s t  t h r e e  i n t a k e s  should be mounted i n  a  n e a r l y  v e r t i -  
c a l  l i n e  w i t h  t h e  lowest  i n t a k e  abou t  t h r e e  inches  above t h e  s t ream 
bed. The v e r t i c a l  d i s t a n c e  between i n t a k e s  should be  approx imate ly  
s i x  i n c h e s .  S e v e r a l  i n t a k e s  a r e  d e s i r a b l e  s o  t h a t  t h e  r e l a t i o n s h i p  
between t h e  average s t ream c o n c e n t r a t i o n  and t h e  c o n c e n t r a t i o n  i n  
samples pumped from each i n t a k e  can b e  compared. The i n t a k e  t h a t  
y i e l d s  t h e  b e s t  c o r r e l a t i o n  should t h e n  be  used i n  f u t u r e  measure- 
ments. Occas iona l ly  t h e  lower i n t a k e  may b e  s u b j e c t  t o  p lugg ing  by 
dunes t h a t  move a long  t h e  s t ream bed. I f  p lugg ing  occurs  f r e q u e n t l y  
t h e  pump shou ld  no t  be connected t o  t h e  lower i n t a k e .  

7 .  I f  p o s s i b l e ,  t h e  i n t a k e  should be  i n s t a l l e d  on t h e  s i d e  of 
t h e  s t ream where t h e  low f low i s  c o n c e n t r a t e d .  

8 .  Three- four th  i n c h  s e m i - r i g i d  p l a s t i c  t u b i n g  can b e  used t o  
connect  t h e  pump t o  t h e  i n t a k e .  

9 .  Pump speed should b e  a d j u s t e d  f o r  a  d i s c h a r g e  o f  approx i -  
mately  1 . 6  g a l s  pe r  s e c  d u r i n g  low s t ream f low.  With t h e  1 - i n .  
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i n t a k e  t h i s  w i l l  p roduce a n  i n t a k e  v e l o c i t y  o f  approx imate ly  3 . 9  f p s .  
A s  t h e  s t r eam i n c r e a s e s  t h e  pumping r a t e  w i l l  i n c r e a s e  because  of  de- 
c r e a s e d  pumping head .  Pumping r a t e  may b e  s e t  a t  h i g h e r  r a t e s  b u t  
t h i s  w i l l  r e s u l t  i n  i n c r e a s e d  power consumption and d e c r e a s e d  pump 
l i f e ,  

10 .  F o r  f i f t y  f e e t  of t u b i n g  between t h e  sampler  s p l i t t e r  and 
t h e  i n t a k e ,  t h e  pump d i s c h a r g e  shou ld  b e  was ted  f o r  approx imate ly  15  
seconds b e f o r e  t h e  sample i s  t a k e n .  Th i s  w i l l  a l l o w  a d e q u a t e  t ime  
t o  c l e a r  t h e  i n t a k e  and a s s o c i a t e d  t u b i n g  of  sediment  t h a t  may have 
accumulated from t h e  p r e v i o u s  pumping c y c l e .  F o r  g r e a t e r  l e n g t h s  o f  
t u b i n g  t h e  w a s t e  t ime  shou ld  be  i n c r e a s e d  p r o p o r t i o n a l l y .  
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V I .  APPENDIX 

20. Basic  data--Table  6  and F i g s .  15a, b ,  c ,  16a, b y  c ,  and 17a, 
b y  c ,  p resen ted  on t h e  fol lowing pages, con ta in  b a s i c  da ta  t h a t  have 
been used i n  t h e  body of t h e  r e p o r t .  





SYMBOL VELOCITY 
IN FLUME 

(fps) 

AVERAGE 
SAMPLING 

EFFICIENCY * 

112" INTAKE 

I" INTAKE 

Velocity in intake, fps 

+ For intake velocities 
greoter than 3 .0  fps 

1 1/2" INTAKE 

FIG. 15A--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.45-MM SAND 



SYMBOL 

1.00 

s. 0 
0 

0 .- 
.O . 80  day +A 
"- "- a, eck --,A 

rn 
.- - 
2 .60 
0 
V) 

. 4 0  
0 2 4 6 8 10 12 14 

Velocity in intoke, fps 

3/4" INTAKE 

Velocity in intake, fps 

0. V. INTAKE 

1.00 

,, 
C 

.: .80  .- 
r "- 
Q 

rn C .- - 
a . 60  
5 
V) 

. 4 0  
0 2 4 6 8 10 12 14 

Veloc~ty In Intake, fps 

0. H. INTAKE 

VELOCITY 
IN FLUME 

(fps) 

AVERAGE 
SAMPLING 

EFFICIENCY" 

+ For intake velocities 
greater than 3.0 fps 

FIG. 15B--PUMPING-SAMPLER INTAU EFFICIENCIES, 0.45-MM SAN 



" 
Velocity in intake, fps 

\ 

3/4" M INTAKE 

Velocity in intoke, fps 

3/4" R INTAKE 

Velocity in intake, fps  

3/4" S.S. INTAKE 

VELOCITY AVERAGE 
IN FLUME SAMPLING 

( f pa) EFFICIENCY * 

r For intake velocities 
greater than 3.0 tps 

FIG. 15C--PUMPING-SAWLER INTAKE EFFICIENCIES, 0.45-MM SAND 



SYMBOL 

Velocity in  intake, fps 

1/2" INTAKE 

Velocity in intake, fps 

1" INTAKE 

4 6 8 10 12 14 
Velocity in intake, fps 

1 1/2" INTAKE 

VELOCITY 
I N  F L U M E  

( fps )  

2.5 

AVERAGE 
SAMPLING 

EFFICIENCY * 

For intake velocities 
greater than 3.0 fps 

FIG. L6A--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.19-MM SAND 



SYMBOL VELOCITY 
IN FLUME 

( fps )  

AVERAGE 
SAMPLING 

EFFICIENCY * 

Velocity in intake, fps 

O.V. INTAKE 

Velocity in  intake, fps 

0. H. INTAKE 

* For intake velocities 
greater than 3 .0  fps 

FIG. 16B--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.19-MM SAND 



AVERAGE 
SAMPLING 

EFFICIENCY * 
SYMBOL VELOCITY 

IN FLUME 
(fps) 

2.5 

3.7 

5.0 

6 .3  

Velocity in intake, fps 

3/4" M INTAKE 

Velocity in intake, fps 

3/4" R INTAKE 

* For intake velocities 
greater than 3.0 fps 

3/4" S. S. INTAKE 

FIG. 16C--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.19-MM SAND 



Velocity in intake, fps 

1/2" INTAKE 

7 -- 
1.00 --t 0orx+- 

>r i 
c 
%' 

. 8 0  ---t 
"- 
(U A I 

cn 

10 

. 4 0 0  ' 
2 4 6 8 10 12 14 

Veloc~ty In ~ntake, fps  

I"  INTAKE 

SYMBOL VELOCITY 
IN FLUME 

( fps)  

AVERAGE 
SAMPLING 

EFFICIENCY * 

x For intake velocities 
greater than 3 . 0  f p s  

Velocity in intake, f p s  

1 1/2" INTAKE 

FIG. 17A--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.10-MM SAND 



Velocity in intake, f p s  

3/4"  INTAKE 

- -- r - -7 - 
I I 

1 .00  
. 

Z1 -- - 
U c 0) 

01 
E 

X 

V) A 

/ I I .40 I 

0 2 4 6 8 10 12 14 
Velocity in intake, fps 

O.V. INTAKE 

SYMBOL 

A 

0 

+ 

Veloc~ty in intake, fps 

0. H. INTAKE 

VELOCITY 
IN FLUME 

(fps 

I .8 

3.5 

5.2 

6.2 

AVERAGE 
SAMPLING 

EFFICIENCY* 

r For intake velocities 
greater than 3.0 tps 

FIG. 17B--PUMPING-SAMPLER INTAKE EFFICIENCIES, 0.10-MM SAND 



Velocity in intake, fps 

3/4" M INTAKE 

SYMBOL 

Velocity in intake, fps  

3 / 4 "  R INTAKE 

Velocity in  intake, fps 

3 / 4 "  S. S. INTAKE 

VELOCITY 
I N  FLUME 

( f p s )  

1.7 

AVERAGE 
SAMPLING 

EFFICIENCY* 

For intake velocities 
greoter than 3 . 0  f p s  

FIG. 17C--PUMPING-SAMPLER INTAKE EFFICIENCIES, O .MM SAND 



References 5 9 

1. Inter-Agency Committee on Water Resources,  A s tudy of methods 
used i n  measurement and a n a l y s i s  of sediment loads i n  s t reams.  
Report No. 5 ;  Laboratory i n v e s t i g a t i o n  of suspended-sediment 
samplers ,  1941. 

2 .  --------- Report 11;  The development and c a l i b r a t i o n  of t h e  

visual-accumulat ion tube ,  1957. 

3 .  - a - m -  - --- Report Q ;  I n v e s t i g a t i o n  of a pumping sampler w i th  

a l t e r n a t e  suspended-sediment handl ing systems, 1962. (Some 
of t h i s  m a t e r i a l  was i n  e a r l i e r  Inter-Agency Report N ;  
I n t e r m i t t e n t  pumping-type sampler,  1960.) 

4. Simons, D. B . ,  Richardson, E .  V . ,  and Anderson, J. L.:  Flume 
s t u d i e s  u s ing  medium sand. U.  S o  Geological  Survey Water 
Supply Paper 1498-A, 1961. 




